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The kidney of Lophius  t has been the subject of many functional studies since 
Marshall and Grafflin (2), Edwards (3), and Edwards and Condorelli (4) dis- 
closed in 1928 that its blind tubules, in the absence both of glomeruli and an 
effective arterial circulation, were capable of excreting selectively most of the 
ordinary urinary constituents. The extensive literature on renal function in 
Lopkius has been reviewed recently by Smith (5), Forster (6), and Brull and 
Nizet (7). In this study attention is focused on electrolyte transport as a general 
cellular phenomenon, and an attempt is made to delineate the total pattern of 
ion distribution  in  plasma  and  urine.  The aglomerular  tubule  is  of interest 
here because of its nature  as  a  single layer of cells capable of transporting 
actively certain anions and cations while acting as a barrier to the free move- 
ment of others. Also of interest in relation to active transport processes is the 
phenomenon of "osmotic" or "laboratory diuresis" which Lopkius  and other 
marine  teleosts  exhibit  spontaneously  immediately  after  capture  when  the 
electrolytic composition of urine shifts radically as a  concomitant of increased 
flow rates of water across tubule cells. 
EXP~.I~ rM-~.NTAL 
The goosefish were taken by otter trawinet from waters in the vicinity of the Mount 
Desert Island  Biological Laboratory. The dragging  operation was  carried  on at  a 
* Aided by a grant from The Rockefeller Foundation. 
Present  address:  Department  of  Pharmacology, Boston  University  School  of 
Medicine, Boston. 
1 Until relatively recently the goosefish or monl~fish (Lopkius)  of North America 
has generally  been considered  as belonging  to the same  species as the widespread 
eastern Atlantic angler  (L. txiscatorius Linnaeus),  and it has been invariably referred 
to as such in the physiological literature. However, Bigelow and Schroeder in their 
monograph,  Fishes of the Gulf of Maine,  have adopted the suggestion of Berrill to 
consider it a separate species and the old name L. americanus Cuvier and Valenciennes 
1837 has  been revived for it  (1). 
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depth averaging 70 meters and the nets were emptied aboard ship after each run of 
I  to 2 hours' duration. Those goosefish which  seemed  to be in good condition  were 
transferred immediately on deck to large tubs supplied with circulating  cold sea water. 
Blood  samples were taken as quickly as possible and an indwelling  catheter secured 
into the urinary bladder  by methods described  earlier  (Forster (6)).  Urine  residual 
in the bladder at the time of capture is designated  urine 0 in Table I  and referred to 
as "normal" urine  in Fig.  I. It must be remembered that some of the goosefish may 
have been under highly abnormal conditions  for as long as 2 hours while they were 
packed in the net with tons of other fish during the dragging operation. Urine formed 
during this period probably is similar to that of diuretic animals in captivity and this 
perhaps explains  why some of the residual  samples had high chloride  contents and 
approached isotonicity with plasma, criteria characteristic of "laboratory diuresis" 
in marine teleosts  (6). In some instances fish were sacrificed immediately and samples 
of pericardial  fluid taken in addition to blood and urine (Lophii  I,  15, 2, 3, and 6), 
but  generally  the  indwelling  polyethylene catheter  was  plugged  and  quantitative 
urine and blood collections made intermittently while they were being transferred to 
the  laboratory and  while  maintained  there  in  individual  tubs  supplied  with  cold 
running sea water. With  a  minimum of handling,  goosefish remain vigorous under 
these conditions  for as long as a week or I0 days. 
Standard  quantitative chemical  procedures were employed for determining ionic 
components in plasma, urine,  and pericardial fluids.  Heparin was used as an anti- 
coagulant and blood collected under anaerobic conditions  for bicarbonate determina- 
tions which were computed from total carbon dioxide and pH using the Henderson- 
Hasselbach equation  (8).  Sodium  and potassium were measured with a  flame pho- 
tometer against an internal  lithium standard (9).  The copper sulfate  method was 
used for estimation of plasma proteins (I0),  and the freezing  points of plasma and 
urine were measured with a thermistor in a Johlin freezing  point apparatus  (II). 
Trimethylamine oxide  was reduced with titanium chloride,  and the free  basic  amine 
then measured by microdiffusion  analysis,  as was ammonia (12).  Creatine was con- 
verted to creatinine  and then determined colorimetrically  by the Jaffe  reaction  (13). 
A micromethod was used for  the  measurement of  chlorides  (14),  the benzidine  method 
used for inorganic  sulfate  (15),  and a colorimetric  method for phosphate (16).  Mag- 
nesium was determined photoelectrically  (17) and a microprocedure  employed for 
caldum  (18). 
RESULTS 
Inasmuch as the electrolytic composition of body fluids taken from LoplHi 
varied  considerably from fish  to  fish,  the  animals  are listed  individually  in 
Table I in the order of rising chloride concentrations in residual urine samples. 
The relative amount of chloride in urine appears to constitute a  reliable cri- 
terion of the amount of rough handling received by the fish in the trawlnet, 
and the length  of time spent in the net before capture.  Included in Table I 
are only the principal anions and cations. The failure of total milliequivalents 
per liter of cation to correspond exactly with anion in certain samples is due ROY P. ~ORSTER AND  FREDRIK BERGLUND  351 
not only to experimental error, but also to the omission  in the tally of trace 
amounts  of such  charged  particles  as ammonium,  protein,  bicarbonate,  hy- 
drogen,  trimethylamine,  etc. The  failure  of total  millimols  of  electrolyte to 
correspond with expected milliosmols  based on freezing  point determinations 
in residual urine samples is due largely to the presence of considerable quanti- 
fies of nitrogenous  non-electrolyte.  Sometimes amounts  of  plasma  or  urine 
collected were too small  to permit a complete set of chemical  determinations, 
hence the open spaces in the table and the appropriate designation in the milli- 
equivalents per liter tally of "total" cations and anions. 
Occasionally quantitative analyses were made of miscellaneous  electrolytes 
present in small  amounts when permitted by an adequate supply of sample. 
Only trace amounts of ammonia were present in plasma and peficardial fluid, 
while concentrations  in urine varied from 0.2 to  1.7 m~ per liter in diuretic 
samples, and 0.6 rn~ was noted in one sample of residual urine.  The pH of 
blood was found to vary between 7.02 and 7.13 in 5 freshly caught animals, 
while  the plasma in 3 cases was alkaline but 0.05  to 0.08 unit below that of 
blood. In 2 diuretic fish the pH of blood was 7.46 and 7.55, 58 and 71 hours 
after capture. The pH of 4 pericardial  samples varied between  7.20 and  7.52. 
Urine samples were invariably acid and ranged from 6.43 to 6.69 at 23  ° with 
a titratable acidity corresponding  to 3 to 4 m~ per liter. Bicarbonate content 
in 8 blood samples from 6 fish ranged from 2.4 to 4.1  mr~ per liter, and  the 
range in 3 plasma samples was 2.9 to 4.3 nut per liter. 
The total pattern of electrolyte distribution in plasma and urine in relation 
to sea water, and the shift in composition with the onset of diuresis are illus- 
trated in Fig. 1. In contrast to Table I where concentrations of individual ions 
are expressed in millimols  per liter here they are plotted as milliequivalents 
per liter. The items are averages of data taken from two experiments (Lll and 
L12). These were chosen because of all the fish maintained in the laboratory 
the residual urine samples of these were lowest in chloride,  and with the data 
averaged they represent a  resolution of the random differences  in electrolyte 
concentrations normally noted between individual fish. Total cation is made to 
balance total anion by use of dotted lines which indicate the probable presence 
of such charged particles as protein, bicarbonate, and certain basic nitrogenous 
components  not  measured  individually  in  these  particular  experiments. 
Phosphate in the slightly alkaline plasma is expressed as 20 per cent H~PO~' 
and 80 per cent HPO4", while in the acid urine the ratio of 60 per cent acid 
phosphate to 40 per cent basic phosphate is used. 
Normal urine  typically is hypotonic to plasma but not to the extent one 
would expect from the great difference noted between total electrolyte content 
of  residual  urine  and  simultaneously  collected  plasma.  Urine  from  freshly 
captured fish may contain as much as 100 m~ per liter of trimethylamine oxide, TABLE I 
Distribut$on of Chief Electrolytes in Body Fluids of 14 Gooseflsh Liaed in Order of Increasing 
Chloride Concentrations  in Residual  Urine at Time of Capture 
Sample 
Cations 
Pro-  Urine RBC 
Time  flow  tein  Na  K  Ca  Mg 
hrs.  ml./hr. ,er ~men  I  cent  per  m  x/llt~ 
Anions 
CI  SOt 
mu/Uter 
Total 
Cat-  Anions  P04  ions 
m.eq./Iiler 
Lophius  12, weight 7.2 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
i23  5.2 
;-35111.6 
~-47] 9.8 
~-56[ 5.2 
;6  / 
15  4.3 194 
62 
18 
35 
39 
59 
11  3.0  201 
3.6 
2.2 
1.9 
1,9 
2.8 
2.9 
5,1 
2.3 
0.5 
17.ol 
12.0 
16 0 
14.0 
2.8 
0.4  176 
3.0  6 
101.0  201 
112.0  216 
100.0  225 
92.0  210 
2.1  196 
I 
1.214.4 
21.0  0.9 
33.0  7.0 
30.0  5.0 
30.0  3.1 
26.0  1.9 
2.8  i 2.4 
203 
71 
256 
285 
274 
274 
216 
186 
49 
280 
285 
291 
265 
206 
Lophius 1 
Plasma 1  0  22  4.3207  1.5  I 2.5  1.2  0.4  5.7  216  183 
0  ,2,0  480 
Pericardial  0  162  [ 2.2  155  0.4  3.8  166  163 
Lophius  15 
UrineO  0  83  1.1  27.0  199  26  48.01.4  9.0  139  I  138 
Pericardial  0  224  2.5  1.8  5.6  233  212 
Lophi~ 11, weight 4.1 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
0 
0 
0-23[  2.7 
23-351 5.9 
35-471 5.5 
47-54  5.1 
54 
17  J202 
J 26 
127 
31 
10  3.0  204 
3.2  [2.1 
1.1 
1.1  16.0 
1.1  !Is.o 
1.0  23.0 
1.2  125.0 
4.7  [ 2.2 
1.1 
27.0 
103.0 
117.0 
102.0 
103.0 
1.2 
177  1.1 
37  46.0 
194  37.0 
216  35.0 
217  32.0 
214  34.0 
198  1.7 
5.9  212 
0.8  83 
3.8  263 
4.1  I 297  4.4  278 
4.5  288 
3.3  216 
I 
190 
130 
275 
293 
289 
290 
207 
Lop/dus 2 
UrineO  0  2.1  1.9  39.0  85  17.0  2.1  95  123 
Pericardial  0  160 
Lophius  10, weight 5.3 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
0 
0 
0-25[  5.2 
25-371 5.2 
37--491 5.4 
49-56  5.0 
56 
22  4.6  193 
83 
90 
98 
105 
92 
10  3.9  242 
2.2 
3.0 
2.5 
2.7 
2.7 
13.0 
2.6 
29  1.0 176I 101 4 
15.0  77.0  1103125.0  ~1.3 
212131,o  9 .0 1221  133.0 3.1 
3.8  102.0  '24-1)  41.0  2.9 
4.2  129.0  24-0  75.0!  2.0 
3.9  8.2  250  7.1  !3.8 
203  190 
270  155 
279  279 
299  293 
319  327 
361  394 
279  271 
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Sample  Time Urine ]  RBC Pro-  flow  tein 
hrs.  r~l./kr,  per  ~j 
cenJ  cent 
Cations 
ra  Jt  / l  lter 
Anions  Total 
Cat-  Anion1  el  SO4  PO,  ions 
m Jr~liter  m.eq./liter 
Lophius 9, weight 12.6 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
Pericardiai 
0 
0 
0-26 
26-38 
38-49 
49-5¢~ 
56 
56 
7.8 
11.7 
I0.5 
3.0 
23  4.6  194 
8 
7 
12 
16 
19 
2.7  216 
214 
1.8  3.1 
4.0 
2.2  19.0 
1.7  22.0 
1.6  25.0 
1.6  30.0 
6.1  12.6 
4.3  2.3 
0.9  170 
116.0  131 
127.0  226 
140.0  i241 
134.0  234 
133.0  240 
1.2  1215 
1.6  j208 
0.5 
51.0 
40.0 
41.0 
43.0 
49.0 
1.5 
1.6 
7.0 
13.0 
3.9 
4.2 
4.6 
5.9 
4.4 
4.0 
204 
248 
301 
338 
336 
347 
230 
226 
184 
256 
313 
331 
328 
349 
226 
218 
Lophius 4, weight 5.7 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
0 
0 
0-2~ 
26-38 
38-4f 
4~959 
21  4.3 
5.9  i 
8.2 
i 
8.4  i 
6.4 
12  i3.9 
2  0.4 
28  2.0 
28  3.3 
29  2.2 
45  2.3 
231  6.8 
6.6 
10.0 
12.0 
15.0 
20.0 
2.6 
2.3  1180 
130.0  t141 
112.0  1229 
121.0  237 
130.0  247 
112.0  258 
1.4  225 
1.6 
68.0 
27.0 
34.0 
41.0 
48.0 
6.6 
5.9 
0.4 
1.8 
2.5 
2.3 
2.4 
2.1 
194 
274  278 
274  286 
297  310 
321  333 
311  358 
246  242 
Lophius 5, weight 6.8 kg. 
Plasma 1  0  24  3.9  202  2.4  1.2  170 
Urine 1  0-26  5.2  16  1.3  12.0  101.0  180 
Urine2  26-37  9.6  19  1.8  9.6  103.0  201 
Urine 3  37-49 10.0  35  1.8  15.0  102.0  212 
Urine 4  49-59 16.6  51  1.8  18.0  96.0  217 
Urine 5  59--71  15.5  75  1.5  17.0  86.0  224 
Plasma2  71  9  3.5  217  4.9  1.9  1.3  199 
Perieardial  71  195  2.7  1.8  1.2  191 
1.3 
36.0 
30.0 
28.0 
24.0 
22.0 
3.1 
3.2 
6.1 
13.0 
10.0 
8.3 
7.9 
6.1 
2.6 
2.6 
209  184 
243  275 
246  279 
271  283 
281  279 
283  279 
228  210 
204  202 
Lophius 3 
UrineO  0  23.0  98.0  188  28.0  0.8  248  245 
Lophius 7, weight 3.4 kg. 
Plasma 1  u-724  213  I  3.0  3.9  203  6.1  227  214 
Urine 1  4.5  28  [  1.6  9.7  117.0  193  38.0  13.0  283  292 
43  37.0  260  Urine 2  24---34  5.6  2.7  7.3  100.0  180  9.2  271 354  ELECTROLYTE DISTRIBUTION IN LOPHIUS 
TABLE I--.Coml~.d 
Sample  Urine  Pro-  Time  flow  RBC  tdn 
Cations 
Na  K  Ca 
hr$  I~l,/kr  %  aa~  ~il~cr 
¢~ 
Mg  CI 
Anions 
S04 
mJ/llUr 
Total 
Cat- Anloz  PO~  ions 
m.eq./llUr 
Zophius  14, weight 4.2 kg. 
Plasma 1 
Urine 0 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 2 
0 
0 
0-24 
24-34 
34-4~ 
46-55 
55 
144.3  i  1211973927 [ 
5.2 
4.6 
6.7 
4.3  47 
73.5217 
2.4  2.7 
1.6  9.2 
0.918.0 
0.922.0 
1.122.0 
1.225.0 
5.11.0 
1.2184  1.5 
130.0198  41.0 
106.0  242 ] 29.0 
117.0  232  39.0 
106.0246  41.0 
124.0  228 I 57.0 
7.4204 [  1.5 
7. i  207 
1.6  292 
2. I  276 
0.9  318 
2.0  307 
2.5  346 
5.2  239 
200 
283 
304 
312 
332 
347 
216 
Lophius 8, weight 5.6 kg. 
Plasma l  O  16  204  5.0  2.7  1.2  181  4.7  217  189 
Urine 1  0-24  6 5  15  1.3  18.0  126.0 205  43.0  1.2  304  293 
Urine2  24-33  ?  14  1.8  29.0  119.0 212  51.0  1.2  312  316 
Lophi~ 6 
Pericsrdial [  0  I  [  160  7.711.9  I  0.6  1531  0.4  3.61173  160 
15  mu of creatine, and additional nitrogenous constituents of undetermined 
nature.  Creatine and  trimethylamine oxide content of urine fall off precipi- 
tously as laboratory diuresis proceeds, and in terminal collections such as those 
designated "diuretic" urine in Fig. I, these nitrogenous components contribute 
very little to the total osmolarity. 
Freezing point determinations were made in a few instances and the results 
confirm earlier observations that in Lophius,  as with other marine teleosts, 
normal urine invariably is hypotonic to plasma (6). With the onset of diuresis 
the  chloride content and total osmolarity rise quickly. As diuresis proceeds 
urine remains isotonic with plasma and both the electrolyte content and total 
osmolarity of plasma and urine continue to rise. In Table II chloride concentra- 
tions, urine flows, and osmotic activity are followed for a  period of 73 hours 
starting at the time of capture. Until the terminal urine collection period when 
the animal showed signs of falling there was a  steady rise in the amount of 
electrolyte excreted, gauged either as millieqnivalents of chloride or as miUi- 
osmols of osmotically active substance excreted per day. 
Plasma volumes were determined in 2 diuretic goosefish by the dilution of 
radioactive  human  serum  albumin  injected  intravenously.  A  period  of  15 
minutes was allowed for intravascular mixing and then a disappearance curve ROY  P.  ~ORSTER  AND  FREDRIK  BERGLUND  355 
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established  by periodic blood withdrawals.  Extrapolation to zero time indi- 
cated that the albumin was distributed initially in plasma volumes of 143 and 
229 ml. for goosefish weighing 3.5 and 4.5 kg. respectively, hence, the plasma 
constituted 4.15 and 5.1 per cent of the body weights of these two animals. 
Diuresis is usually accompanied by marked drops in hematocrit readings and 
the percentage of protein in plasma (see Table I), and it can be safely assumed 
that hemodflution is a  constant feature of the diuretic syndrome. 
TABLE II 
Urine Flow, Osmolarity, and Chloride Concentrations Noted in Residual  Urine and in Plasma 
Taken from Lophius 30, 6.7 Kg. Immediately after Capture, and Compared with Subsequent 
Values in Plasma  and  Urine Collected for 75 Hours  during  the Course of 
"Laboratory Diuresis" 
Sample 
Plasma 
Urine 
Urine 1 
Urine 2 
Urine 3 
Urine 4 
Plasma 
Urine 5 
Urine 6 
Plasma 
Time 
0 
0 
0-11 
11-27 
27-34 
34-48 
57 
48-57 
57-75 
75 
Urine flow 
mlJkg./day 
6.7 
21.8 
26.5 
30.2 
38.0 
34.2 
Chloride 
Concen- 
tration 
m.e~./Uter 
163 
13 
189 
198 
2OO 
205 
184 
222 
228 
193 
Excretion 
-%?- 
1.27 
4.31 
5.30 
6.20 
8.44 
7.80 
°C. 
-0.65 
-- 0.58 
-0.68 
-0.68 
--0.67 
-0.68 
-0.69 
-0.68 
--0.74 
--0.74 
Osmolaritv 
Concen- 
tration 
349 
3O9 
364 
366 
359 
366 
373 
366 
396 
397 
Excretion 
m.o:xlkf./ 
day 
2.44 
7.97 
9.51 
11.05 
13.9 
13.55 
DISCUSSION 
The most  striking  generalization to  be drawn  from these  observations  is 
that  free diffusion alone can play little part  in governing the movement of 
electrolytes across the aglomerular renal tubule. It is much more likely to as- 
sume that a steady state which requires the expenditure of energy by the cells 
serves to partition charged particles rather than that true equilibrium condi- 
tions prevail. It is difficult to envisage electrochemical gradients  to account 
for the  lO0-fold concentration of magnesium while the cells restrict the free 
diffusion of the much more mobile univalent ions.  In non-diuretic goosefish 
calcium, sulfate, and magnesium are all transferred actively, and even at the 
height of diuresis these divalent ions, particularly magnesium, are highly con- 
centrated in urine2 Normally the univalent ion content of urine is far below 
Phosphate concentrations  in urine vary widely. Marshall  and  Graffiin (19) noted 
that raising the inorganic phosphate levels in Lopki~s plasma  did not increase phos- 
phate excretion. Their experiments suggest that inorganic phosphate in the urine of 
aglomerular fishes is formed in the kidney from some precursor, not glycerophosphate. ROY P.  ~FORSTER  AND  ~REDRIK  BERGLUND  357 
that of plasma, and chloride sometimes is present in the merest traces. This is 
true  not  only of aglomerular  fish  but holds  for  the  completely  glomerular 
marine teleosts as well (6, 20). It seems that a fundamental function of verte- 
brate renal tubules is to serve as a  monovalent  salt saver. Whether  this  is 
accomplished by the tubule cells acting as a barrier to the movement of mono- 
valent ions initially, or whether they permit free diffusion  at one level and re- 
absorb actively at another cannot be determined at present. Both the principle 
of parsimony  and  the  lack  of morphological  differentiation  throughout  the 
length of the renal tubules (2, 3, 21) support the former hypothesis. 
Immediately after capture, chloride floods into urine and replaces sulfate as 
the principal anion, but plasma levels continue to rise during diuresis despite 
a  higher  excretory rate  for both monovalent  and  divalent ions.  This  impli- 
cates increased intake of sea water rather  than failure of the gills'  "chloride 
secretory mechanism"  as  a  causative factor  in  the  frequently reported  in- 
creased chloride excretory rate noted in captivity. The specific factors which 
initiate this dramatic alteration in tubule permeability and the accompanying 
diuresis remain obscure. 
The most active cellular  transport processes in the renal tubule of Lopld~ 
involve the excretion of magnesium and creatine. Recently Brull and Cuypers 
(22) have reported that after cyanide or fluoride  the perfused kidney of Lo- 
pldus fails to secrete water or concentrate magnesium,  which they interpret 
as indicating a de'pendence  of these tubular processes upon aerobic biochemi- 
cal events. Trhnethylamine oxide appears in higher concentrations in Lophiv.s 
urine  than  does creatine,  but the urine/plasma  concentration ratios are not 
as great. 
No active transport mechanisms appear to be implicated in the formation 
of pericardial  fluid. The  slight differences  between the chemical  composition 
of pericardial fluid and plasma, either normally or during diuresis,  can be ac- 
counted  for on  the  basis  of  Gihbs-Donnan  distribution  and  exper~nental 
error. 
SUMMARY 
Quantitative evaluations have been made of the chief anions and cations in 
plasma, urine,  and pericardial fluid  taken both from freshly captured goose- 
fish and from those undergoing "laboratory diuresis." Measurements included: 
Na, K,  Ca, Mg,  CI, SO4, PO~, protein,  HCOa,  NH3, pH,  titratable  acidity, 
freezing point depression, creatine, trimethylamine oxide, and plasma volume. 
The  total  patterns  of electrolyte distribution  in  these  body fluids  are pre- 
sented. 
The morphologically undifferentiated aglomerular  tubule acts as a  barrier 
to the free diffusion of monovalent  electrolytes, while transporting  actively 
the divalent ions, especially Mg. 
Urine taken from freshly captured fish is hypotonic to plasma, low in elec- 358  ELECTROLYTE DISTRIBUTION IN LOPHIUS 
trolyte, and as much as 50 per cent of its total osmolarity is accounted for by 
nitrogenous  components.  Of these  creatine  is  transported  most actively by 
the renal tubule cells. 
With  the  onset of diuresis immediately after capture,  plasma  osmolarity 
slowly rises  and  urine  suddenly becomes  isotonic  with  plasma  as  chloride 
floods into the urine. The active movement of Mg continues during diuresis 
and urine/plasma concentration ratios of 100 or more are sustained for days 
while the animals are kept in the laboratory. Na follows chloride and never 
reaches S0 per cent of plasma values, and K  never appears in urine in more 
than mere traces. 
Electrolytes in this system are viewed as not being in true equilibrium but 
rather as constituting a  biological steady state  with the distribution across 
renal cells being maintained against passive diffusion by the expenditure of 
cellular energy. 
We are indebted to Dr. W. H. Sawyer for determining freezing points, Dr. Karlman 
Wasserman for the estimations of plasma volumes, Dr. ~lurg E. Hodler for measure- 
ments of titratable acidity, pH, CO~, and bicarbonate, and Dr. Martin I. Rubin who 
helped out with Mg, Ca, and creatine determinations.  We also wish to express our 
appreciation  to Miss  Sandra Ingalls,  Deane  Hillsman,  and C. Dennis  Throe who 
served as volunteer laboratory assistants  during the summer of 1953, and to Miss 
Sarah Plimpton who acted in that capacity during the 1954 season. Captain Perry 
Lawson and his sons very generously provided  the Lopkii for this study, and with 
infinite patience, tolerance, and forbearance allowed us to use their ship as a floating 
laboratory for those operations which of necessity had to be carried on at sea. 
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